The Soil and Water Assessment Tool (SWAT) nitrogen (N) water quality model considers the artificial inputs associated with human activities, including point and nonpoint source pollution loads. Although SWAT has the ability to simulate atmospheric N deposition and fixation, they were not considered in the modeling research. N deposition from the air is an important and considerable pathway for the input of N species into watersheds and water bodies, causing soil and water body acidification and the leaching of N into surface and groundwater, resulting in eutrophication and degraded water quality. The goal of this study is to assess the effects of atmospheric and agricultural N loads on stream water quality at the watershed scale. ) of total N was 0.69 considering atmospheric deposition, whereas it was 0.33 when removing the deposition effect. The results of this study demonstrate the potential for using the N dynamics between the atmosphere and land for SWAT assessments of nonpoint source pollution and for modeling stream water quality.
Introduction
Human activities, such as agricultural cultivation and fossil fuel combustion, have dramatically increased the amount of reactive nitrogen (N), such as inorganic ammonium (
NH
+ ) and oxidized (e.g., nitrate:
3 NO − ) forms of N, as well as its movement through ecosystems [1] [2] [3] . The large magnitude of this N production is problematic, as excess reactive N can be extremely detrimental to the functioning of various ecosystems [4] . For example, excessive plant growth due to nutrient enrichment is the primary environmental issue facing surface waters worldwide [5] [6] [7] [8] because it not only results in many undesirable ecological (e.g., species or salt-marsh loss) [9] and water quality (e.g., algal
blooms, hypoxia or dead zones) [8] [10] problems but also causes high economic costs [11] . The eutrophication process is accelerated by human activity in densely populated urban or agricultural regions, where point N sources discharged from sewage treatment plants supplement high levels of non-point N sources produced from vehicles or fertilization [5] , which is also referred to as cultural eutrophication [8] .
In South Korea, the annual N input and output of agricultural areas were reported to be 1,259,515 and 675,091 tons/yr, respectively. The annual N inputs of urban and forest area were 247,869 and 152,875 tons/yr, respectively, and the outputs were 90,319 and 65,794 tons/yr. For the past decade in South Korea, the N output of rivers and oceans was approximately 498,915 tons/yr, and the amount of nonpoint source pollutants equaled 367,640 tons/yr [12] . These phenomena can result in river and lake eutrophication due to excessive N.
Atmospheric deposition is an important pathway for the input of N species into watersheds and water bodies. Atmospheric N deposition can cause soil and water body acidification, as well as leaching of N into surface and ground waters, resulting in eutrophication and water quality degradation. Wet deposition occurs through rain and snowfall, whereas dry atmospheric deposition arises from gaseous and particulate transport from the air to the surfaces of aquatic and terrestrial landscapes. Atmospheric deposition of nitrate N and ammonium N has been identified as a major factor in the decline of water quality in the watershed.
The water quality in large rivers has deteriorated because of land use development over the past several decades and the dust fall from the atmosphere. In particular, mineral aerosols are deposited on land and streams via rainstorms during the summer as a result of the monsoon climate in South Korea.
In general, surface water and groundwater are affected by agricultural anthropogenic pollution resulting from the excessive use of pesticides and fertilizers and inadequate irrigation techniques. Although nitrate leaching in regions appears to be an inevitable process, an improvement in management practices leading to higher N fertilizer use efficiency is thought to reduce the potential for groundwater nitrate contamination. The environmental impact of agricultural pollutants depends on many different factors, such as fertilizer type, fixation, crop type, hydro-meteorological conditions (climatology and hydrogeology), crop management practices and soil characteristics [13] . Several authors have demonstrated the effect of different types of land cover on the hydrology of watersheds [14] , a factor that is also directly linked to the nutrient transport within a watershed, particularly within the root zone.
For the multiple environmental processes involved in the dynamics of N, such as atmosphere deposition and pesticide and fertilizer use, mathematical modeling is extremely valuable because it can help quantify the pollution, determine balances at the watershed scale and guide decisions to improve management [13] [15]. Thus, a model-based study is required to obtain information on the environmental effects considering anthropogenic data. The Soil and Water Assessment Tool (SWAT) model, which can be used for complex anthropogenic data, has been extensively applied in the literature. The SWAT model is considered one of the most useful models for long-term simulations in predominantly agricultural watersheds [16] and is robust in predicting nutrient losses at the watershed scale [15] [17] .
In this study, among the available anthropogenic data (fertilizer, manure, fixation, sewage discharge and atmospheric deposition), the impact of the total N (T-N) load was evaluated to identify the effect of atmospheric, agricultural (fertilizer, manure, and fixation) and sewage discharge N loads on stream water quality at the watershed scale ( Figure 1 ). The SWAT model was adopted and applied to a 6642 km 2 study watershed.
Materials and Methods

Description of the SWAT Model
SWAT [18] is a physically based and continuous, long-term, distributed-para- Figure 1 . Flow chart of study process.
meter model designed to predict the effects of land management practices on the hydrology and sediment and contaminant transport in agricultural watersheds with varying soils, land uses, and management conditions [18] . SWAT is based on the concept of hydrologic response units (HRUs), which are the portions of a sub-basin that possess unique land-use/management/soil attributes. The runoff, sediment, and nutrient loadings from each HRU are calculated separately using input data regarding weather, soil properties, topography, vegetation, and land management practices and then summed together to determine the total loadings from the sub-basin [19] . SWAT uses a modified version of the SCS-CN method (USDA-SCS 1972) and the Modified Universal Soil Loss Equation (MUSLE) [20] to predict runoff and sediment generation, respectively. SWAT simulates the organic and mineral N and phosphorus fractions by separating each nutrient into component pools, which can increase or decrease depending on the transformation and/or additions/losses occurring within each pool [21] . Mass balance is calculated on a daily time scale to capture the series of changes addressed through the respective process equations. Further details of the water balance, soil erosion, and nutrient process equations can be found in the SWAT theoretical documentation [22] .
Atmospheric deposition occurs when airborne chemical compounds settle onto the land or water surface. Some of the most important chemical pollutants are those containing N or phosphorus. N compounds can be deposited onto water and land surfaces through both wet and dry deposition mechanisms. Wet deposition occurs through the absorption of compounds by precipitation as it falls, carrying mainly nitrate and ammonium. Dry deposition is the direct adsorption of compounds onto water or land surfaces and involves complex interactions between airborne N compounds and plant, water, soil, rock, or building surfaces. The atmospheric deposition by SWAT model is based on the following equations: 3 3 0.01
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is the concentration of ammonia in the rain (mg N/L), and day R is the amount of precipitation on a given day (mm H 2 O). The N in the rainfall is added to the ammonia pool in the top 10 mm of soil. 
NH
is the daily ammonium dry deposition rate (kg/ha). average sewage discharge N data for the modeling were prepared from each sewage discharge pollutant facility, including daily discharge rates and N load. Table 1 shows the description of the N input data. To apply the anthropogenic data, the deposition, fixation, fertilizer, manure, and sewage discharge N were obtained from the Ministry of Environment, the Rural Development Administration (RDA), and the National Institute of Environmental Research (NIER).
Description of the Study Watershed
Definition of Anthropogenic N Data
Atmospheric Deposition
The obtained deposition N data were used to monitor acid deposition and to create the NEIR's impact assessment report (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . The dry and wet deposition N data were obtained from 39 stations in South Korea over a 12-year 
This study assumed that final manure pollutant load used only 90% of the livestock pollutant load considering agriculture resources. Thus, the final manure pollutant load was obtained according to Equation (8) . Sewage discharge N data from the river were based on the daily N discharge data from 3227 stations in South Korea for 12 years (1999-2010).
Results and Discussion
Calibration and Validation of the SWAT Model
The SWAT model was calibrated based on 4 years (2003-2006) of daily streamflow data at the watershed outlet and then validated using another 4 years (2007-2010) of data. We used the same calibrated parameters as Park et al. [26] for both streamflow and T-N. The calibrated model parameters are shown in Table 2 . Sensitivity Of parameters was analyzed by comparing ratio (%) of runoff changes. By comparing ratio (%) of changes simulated runoff from adjusted value, the ratio of change more than 70% or 50% defined high or medium sensitivity.The ESCO was sensitive to the peak flow and the amount of discharge. GW_DELAY and ALPHA_BF affected the recession phase of the hydrograph. These parameters were then used to validate the SWAT model to determine its efficiency. The decision process of the calibrated parameters and the sensitivity analysis are detailed in Park et al. [26] . A statistical summary of the 8 years of observed versus simulated streamflow is shown in Table 3 . shows the observed versus simulated streamflow. The Nash and Sutcliffe [27] efficiency (NSE) for streamflow during the validation period was 0.74, and the coefficient of determination (R 2 ) was 0.76.
Comparison of the Nitrogen Dynamics
The N input datasets involve three anthropogenic N sources: atmospheric deposition, agriculture N (fertilizer + manure + fixation), and sewage discharge N.
For each watershed, which consists of various land uses, the atmospheric deposition N input was applied to all the lands, whereas the agricultural N inputs were applied to only the upland crop and paddy lands. The sewage discharge N input was directly applied to the river reaches. Each of the N species for the three N sources was applied to the corresponding terrestrial and river pools. Table 4 shows the SWAT-calibrated parameters related to anthropogenic N. Table 5 This study applied five cases based on the anthropogenic N data. Case 1 is scenario before all anthropogenic N data were applied, case 2 is a scenario after the sewage discharge N data were applied, case 3 is a scenario after the atmospheric deposition data were applied, case 4 is a scenario after the fertilizer, manure, and fixation data were applied, and case 5 is a scenario after all anthropogenic N data were applied. Figure 4 and Table 6 show the observed and Table 5 . Process of calculating the average nitrogen input total load (tons/year). 
Analysis of the Nitrogen Changes
In this study, the load duration curve (LDC) method was used to determine the variability of T-N ( Figure 5 and Table 7 ). The LDC method was used to describe the change in high, middle, and low T-N durations. Table 7 (Table 7) . As a result, cases 3 and 4 tended to be affected by rainfall and the fertilizer period from April. The LDC graph in Figure 5 illustrates that the major differences between case 1 and case 2 appeared during the 
Summary and Conclusions
In this study, the SWAT model was used to simulate the discharge and T-N load . The SWAT parameters were used to validate the SWAT model to determine its efficiency. The NSE for streamflow during the validation period was 0.74, and the R 2 was 0.76. This study applied five cases based on the anthropogenic N data to determine their impact on water quality. The LDC method and monthly T-N were analyzed for the variable T-N. The LDC method was used to describe the percentage change in high, middle, low T-N durations. Compared to case 1, the percentage changes for case 2, case 3, case 4, and case 5 were 4.4%, 112.3%, 19.7% and 201.7%, respectively. As a result, case 3 and case 4 tended to be affected by rainfall and the fertilizer period from April. The major differences between case 1 and case 2 appeared during the low-N period in the dry season. Atmospheric deposition data increased the overall T-N, following the rainfall trend. The data collected from national reports and applied to the SWAT database can be utilized, and the N dynamics between the atmosphere and land were successfully determined even though SWAT uses data based on annual values. In the long term, N generally follows the trends in fertilization, atmospheric deposition, and sewage discharge N. The SWAT hydrological model was successfully used to produce the historical and future trends in N load. The achievement of this study has not been reported to date. The results of this study also indicate that the modeling of N dynamics at the watershed and small-scale sub-basin scales can provide a valuable link between the atmosphere and land.
